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The photochemical reaction of azide derivatives induced by ultraviolet (UV) laser in matrix-
assisted laser desorption/ionization mass spectrometry (MALDI) is reported. A novel synthe-
sized class of azide aromatic derivatives, spin-labeled photoaffinity non-nucleoside adenosine
triphosphate (ATP) analogs which are useful probes in study of muscle contraction mecha-
nism, is used in this investigation. In the negative ion MALDI spectra of these ATP analogs,
“fingerprint” peaks corresponding to [M 2 10 2 1]2, [M 2 12 2 1]2, [M 2 16 2 1]2, [M 2
26 2 1]2, [M 2 28 2 1]2, [M 2 41 2 1]2, and [M 2 42 2 1]2 were observed with relative
intensities depending on the MALDI matrix. Only the [M 2 16 2 1]2 is present in the similar
mass spectra of the analog in which the azido group is replaced by a hydrogen. A model is
suggested for the photochemical reactions of azide derivatives under UV laser irradiation. The
photoreaction fingerprint information is diagnostically useful in characterization of azido
compounds, especially for spin-labeled photoaffinity non-nucleoside ATP analogs. (J Am Soc
Mass Spectrom 1999, 10, 1337–1340) © 1999 American Society for Mass Spectrometry
Prompt photochemical reactions such as matrixadduction are sometimes observed in ultraviolet(UV) matrix-assisted laser desorption/ionization
mass spectrometry (MALDI-MS) [1, 2]. If these reac-
tions are undesirable, they may be avoided by switch-
ing to infrared MALDI [3]. On the other hand, such
reactions can also be analytically useful, for instance
with the introduction of photocleavable mass markers
[4]. In this note we report the UV laser-induced gener-
ation of structurally diagnostic photoreaction products
for a class of aromatic azido compounds used as spin-
labeled photoaffinity adenosine triphosphate (ATP) an-
alogs. These products create an easily recognized “fin-
gerprint” pattern in the MALDI spectrum, similar to the
structurally revealing patterns found in electron impact
spectra.
To study the behavior of myosin during contraction
of muscle fibers it is useful to covalently bind spectro-
scopically responsive probe molecules at or near the
active site. Changes in spectroscopic behavior (absor-
bency, fluorescence, X-ray, etc.) during muscle contrac-
tion can then potentially be related to tertiary or qua-
ternary conformational changes of the myosin [5].
These probe molecules may be chemically modified
ATP, or non-nucleoside ATP analogs. But they must
contain a spectroscopically responsive moiety, interfere
only minimally with normal myosin function, bind into
the active site of myosin in a first step, and covalently
bond to the myosin (typically to Trp-130) by UV irra-
diation in a second step.
Previous work showed that 2-azidoadenosine triphos-
phate (2-N3ATP) [6] and non-nucleoside photoaffinity
ATP analog 2-[(4-azido-2-nitrophenyl)amino]ethyl tri-
phosphate (NANTP) [7] can specifically photolabel Trp-
130 on rabbit skeletal muscle myosin subfragment 1.
This reaction depends upon an azido group that is
photolyzed to an active nitrene that is believed to insert
into the 5-member ring of Trp-130.
A new class of spin-labeled photoaffinity ATP ana-
logs, which contain a nitroxide spin label, can be used in
electronic paramagnetic resonance (EPR) experiments
to probe the conformational changes of the myosin
heads during muscle contraction. Synthesis of this class
of photoaffinity ATP analogs will be described in forth-
coming papers. We think of these spin labels as deriv-
atives of NANTP [7], the first of this class of ATP
analogs to be synthesized. For example, the compound
Address reprint requests to Dr. William F. Siems, Department of Chemistry,
Washington State University, Pullman, WA 99164. E-mail: 1bb2@wsu.edu
© 1999 American Society for Mass Spectrometry. Published by Elsevier Science Inc. Received July 20, 1999
1044-0305/99/$20.00 Revised September 14, 1999
PII S1044-0305(99)00113-0 Accepted September 14, 1999
we denoted as SL-NANTP (spin-labeled-NANTP)
is actually 1-(4-azido-2-nitrophenyl)amino-3-(1-oxyl-2,
2, 5, 5-tetramethylpyrrolidinyl-3-carbamido)-2-propyl
triphosphate. The structures of the ATP analogs in this
study are given in Scheme 1.
In the past, characterization of ATP analogs has
relied on nuclear magnetic resonance (NMR) including
31P NMR to confirm the presence of triphosphate, mass
spectrometry (MS) including negative ion fast atom
bombardment (FAB) for phosphate-containing species,
and EPR measurements. However, FAB and NMR
spectra require a relatively large amount of sample, and
all compounds containing a nitroxide group must be
reduced prior to any NMR measurements. Electron
ionization-like fragmentation could be helpful to deter-
mine the structure of ATP analogs, but of course the
compounds are involatile. MALDI-MS, a rapidly ex-
panding technique for the analysis of biological macro-
molecules, has potential advantages for mass spectrom-
etry of ATP analogs, especially for spin labels. First,
compared to negative FAB, the sensitivity and experi-
mental ease are improved. Second, post source decay
(PSD) or collision-induced dissociation (CID) could
confirm the presence of the triphosphate group and
other substructures, eliminating the need for NMR
measurements of free radical species and the associated
reduction and re-oxidation procedures. Therefore, neg-
ative MALDI was used to characterize this class of
spin-labeled photoaffinity ATP analogs.
Experimental
MALDI negative ion mass spectra were obtained with a
PerSeptive Biosystems Voyager DE-RP, equipped with
a single stage reflector giving an effective 2.0 m flight
path, and using the instrument’s standard 337 nm
nitrogen laser and microchannel plate detector. Ranges
of operational parameters were 20–25 kV acceleration
voltage, 100–275 ns extraction delay, and 60%–65% grid
voltage. Generally the extraction delay and grid voltage
were set to optimize resolving power. Spectra were
obtained as averages of 128–256 laser shots, and the
laser energy was generally set 10%–20% above the
ionization threshold.
The matrix was either a-cyano-4-hydroxy cinnamic
acid (CHCA) or 3-hydroxy picolinic acid (3-HPA), pur-
chased from Aldrich. Saturated solutions of matrix
were prepared in 50/50 acetonitrile/water containing
0.25% trifluoroacetic acid. All MALDI samples were
prepared by mixing 1 mL of ATP analog solution (5–50
mM in water) with either 10 or 100 mL of saturated
matrix solution. A 1 mL aliquot of ATP analog/matrix
solution was deposited onto a gold plated sample stage
and allowed to dry at ambient temperature.
Results and Discussion
Our initial goal was to explore the possibility of using
MALDI to characterize this novel class of spin-labeled
photoaffinity ATP analogs. The phosphate groups ren-
der the compounds involatile, and they yield very weak
positive ion spectra in all ionization modes. Negative
Figure 1. Negative ion MALDI spectra of the spin label SL-
NANTP, illustrating the matrix dependence of prompt fragmen-
tation. (a) MALDI spectrum of SL-NANTP with CHCA matrix. (b)
MALDI spectrum of SL-NANTP with 3-HPA matrix.
Scheme 1. Structures of the ATP analogs (TP: triphosphate).
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ion FAB spectra exhibited a strong deprotoned molec-
ular ion, but required a relatively large amount of
sample. In the negative ion MALDI spectra of these
ATP analogs, in addition to the molecular ion [M 2 1]2,
Na1, and K1 adducts, and occasional [M 2 H2O 2 1]
2
ions, peaks corresponding to [M 2 10 2 1]2, [M 2
12 2 1]2, [M 2 16 2 1]2, [M 2 26 2 1]2, [M 2 28 2
1]2, [M 2 41 2 1]2, and [M 2 42 2 1]2 were found.
Relative intensities of these peaks varied with the
matrix, but were consistent from sample-to-sample, and
spot-to-spot within a single sample. Changes in extrac-
tion delay, matrix/analyte ratio, and laser fluence,
within the ranges examined, had little effect on the
relative intensities, as long as care was taken to avoid
saturation of the detector. Figure 1a, b are MALDI
spectra of SL-NANTP in CHCA and 3-HPA, respec-
tively. Although the relative intensity of [M 2 1]2 is
greater in 3-HPA, the shot-to-shot reproducibility was
much better with CHCA, and this matrix was used for
most of this work. Negative ion FAB spectra showed
some (but not all) of the same peaks, but at much lower
relative intensities compared to the molecular ion than
with MALDI.
In a given matrix, ATP analogs of different structures
produce strikingly similar patterns of mass losses, for
example Figures 2a and 1a. Spectra with variant appear-
ance can be diagnostic of unsuspected chemical
changes. For example, Figure 2b shows significant
peaks at masses corresponding to [M]2, [M 2 12]2, etc.
The appearance of Figure 2b could be accounted for if it
were a composite of overlapping patterns arising from
[M 2 1]2 and a nominal [M]2, perhaps because of the
presence of some reduction product of the nitroxyl
to–NOH. To examine this possibility a sample of SL-
NANTP was reduced by sodium ascorbate as described
in preparation for NMR [8], producing the spectrum in
Figure 2c with peaks at the nominal mass of SL-
NANTP, [M 2 12]2 and so on.
At first the MALDI spectra such as Figures 1 and 2
created suspicion of impure samples, but it became
clear that photochemical reactions of the azido group
were responsible. After all, the 337 nm light of our laser
would cause photoincorporation of the spin labels into
myosin, and could also cause similar reactions on the
MALDI plate or in the dense plume forming immedi-
ately after a laser shot. The neutral products of these
rapid reactions could then be ionized in the same
fashion as the intact molecule. To test this idea, SL-
NNTP (SL-NANTP with the azido group replaced by a
hydrogen) was synthesized, and its MALDI mass spec-
trum measured (Figure 3). It lacks all the mass losses
but the [M 2 16 2 1]2. This latter ion probably repre-
sents the photoinduced loss of O from NO2 and/or NO.
Photochemistry of azide has been well characterized.
Under photolysis very active intermediate nitrenes are
formed, which essentially can react with any species
present in the reaction system [9]. Phenyl nitrenes can
also rearrange to long-lived intermediate azacyclohep-
tatraenes or benzazirines [9, 10]. These species act as
electrophiles and may have appreciable lifetime at room
temperature which allow nucleophiles present in the
system to react with these intermediates to form neutral
Figure 2. Pattern of MALDI prompt fragmentation of phenyla-
zide derivatives. (a) MALDI spectrum of SL-SNANTP in CHCA.
(b) MALDI spectrum of PSL-NANTP in CHCA. (c) MALDI
spectrum of reduced SL-NANTP in CHCA.
Figure 3. In the absence of an azido group, only the M 2 16
prompt fragment is observed. MALDI spectrum of SL-NNTP in
CHCA.
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molecules. Scheme 2 suggests some ways in which
neutral molecules of mass M 2 10, M 2 12, M 2 26,
M 2 28, M 2 41, and M 2 42 could be formed. It
seems clear that M 2 28 corresponds to the nitrene and
its isomers, and M 2 42 indicates that it is possible for
the azide to lose N2 and N to form a free radical. When
nitrene or its isomers react with moisture in the MALDI
system, a hydroxylamine derivative M 2 10 could be
formed. The M 2 26 peak could come from the reaction
of nitrene or its isomers with H donors. Nitrene or its
isomers could also acquire an oxygen to form a nitroso
molecule of mass M 2 12.
In the MALDI spectra of 2-azidoadenosine triphos-
phate (2-N3ATP) (Figure 4) and its derivatives (not
shown), in addition to the molecular ion peak [M 2
1]2, Na1 and K1 adducts, only [M 2 26 2 1]2 and
[M 2 28 2 1]2 fragment peaks were observed. The
molecular ion peak is stronger and the peak of [M 2
28 2 1]2 is weaker than that from phenylazide deriva-
tives. Previous studies have shown that 2-N3ATP
readily tautomerizes between the photolabile azido
form and the two nonphotolabile tetrazolo isomers [11].
The strong molecular ion peak in the MALDI spectrum
probably reflects the tautomeric stability of 2-N3ATP.
Once the adenine nitrene is produced, it apparently
reacts with H donor(s) immediately to form the M 2 26
fragment, a neutral amine. It may not have opportunity
to react with O-containing nucleophiles if these reac-
tions are slower.
In summary, photochemical fingerprints of the azide
derivatives were observed in MALDI spectra, which are
diagnostically useful for photoaffinity probes with an
azido group. The variability of the azido photochemical
fingerprint with different MALDI matrices makes one
wonder if geometric and structural details of the ma-
trix–analyte interaction could be probed by these and
other laser-induced photochemical reactions.
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Figure 4. Pattern of MALDI prompt fragmentation of 2-N3ATP.
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